Isolated perfused rat kidneys removed considerable quantities of glycyltyrosine, glycylhydroxyproline, tetraglycine and prolylhydroxyproline from the perfusate. The component amino acids are released. into the perfusate and, in the case of the glycinecontaining peptides, there is increased synthesis of serine. Removal of peptides was more than could be accounted for on the basis of filtration, so antiluminal metabolism is indicated. Metabolism of such peptides by the kidney may contribute to renal serine synthesis in vivo.
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It has been recognized for many years that the kidney plays a specific role in the clearance of many proteins and peptide hormones from the circulation (Maack et al., 1979; Carone et al., 1979; Carone & Peterson, 1980; Rabkin & Kitaji, 1983) . The larger proteins are cleared from the circulation after filtration by endocytosis and lysosomal degradation (Bourdeau et al., 1972) . Small proteins and peptide hormones, however, are cleared by a different mechanism. After filtration at the glomerulus, they are hydrolysed in the proximal tubule by enzymes of the brush border (Carone & Peterson, 1980; Rabkin & Kitaji, 1983) . The small peptides so produced may then be hydrolysed to their constituent amino acids and reabsorbed by specific amino-acid-transport systems (Silbernagl & Volkl, 1977; Pullman et al., 1978 ). An alternative route whereby proteins are first cleaved to dipeptides followed by transport and intracellular hydrolysis has been shown to exist in the intestinal mucosa (Matthews, 1975) and may also be present in the epithelial cells of the proximal tubule (Nutzenadel & Scriver, 1976; Adibi & Krzysik, 1977; Ganapathy et al., 1981) . Peritubular uptake of peptides may also be involved in the clearance of peptide hormones from the circulation (Katz & Rubenstein, 1973) .
In addition to the sources of peptides mentioned above, the kidney may also be involved in the metabolism of di-and tri-peptides present in blood. These peptides may arise from the degrada-* Present address: Department of Biology, University of York, Heslington, York YOI 5DD, U.K.
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tion of endogenous proteins, particularly collagen, and may be present in substantial amounts (McCormick & Webb, 1982; Powell et al., 1974) . We have recently shown that the rat kidney in vivo has a large capacity for the synthesis of serine from a variety of precursors (Lowry et al., 1985a) , including glycine. As previously reported by other investigators (Pitts & McLeod, 1972; Tizianello et al., 1980) , we also noted the lack of stoichiometry between glycine uptake and serine release. This phenomenon persisted even in the presence of inhibitors of alternative routes of serine synthesis (Lowry et al., 1985a) . In experiments where we employed cysteamine, an inhibitor of the glycinecleavage enzyme, we detected a large release of glycine from the kidney. We have suggested that these observations could be accounted for by the hydrolysis and subsequent metabolism of peptides containing glycine or hydroxyproline. The metabolism of hydroxyproline by the kidney causes a significant production of glycine (Lowry et al., 1985b) . In the present paper we show that the isolated perfused rat kidney is able to hydrolyse several glycine-and hydroxyproline-containing peptides and that their subsequent metabolism leads to an increase in serine production. We were also able to demonstrate a substantial peritubular uptake of peptides by the isolated perfused rat kidney.
Materials and methods Animals
Male rats of the Sprague-Dawley strain (Charles River, Montreal, Que., Canada) were used for all Vol. 229 perfusions. They were allowed free access to food and water at all times, and weighed 350-450g when used.
Perfusions
Surgical preparation of the isolated perfused kidney was performed exactly as described by Ross et al. (1973) . Kidneys were perfused with approx. 90ml of Krebs-Henseleit (1932) .
Inulin radioactivity was determined by liquidscintillation spectrometry.
Results and discussion
In Fig. 1 are shown the results of the experiments using glycylhydroxyproline as the peptide substrate. During the initial 40min there is a slow accumulation of glycine and serine derived from endogenous precursors. The production of these amino acids is linear and persists for at least 90min (results not shown). Addition of glycylhydroxyproline at 40min causes an immediate increase in the production of both glycine and hydroxyproline; however, these amino acids are produced at significantly different (P<0.05) rates. The difference in the rates of production of hydroxyproline and glycine can be accounted for by the conversion of hydroxyproline into glycine and the subsequent conversion of both amino acids into serine, the production of which increased significantly after (Table 1) . Similar results were obtained when glycyl-tyrosine was used as peptide substrate (Table 1) . This peptide was removed from the perfusate very rapidly, with a half-time of approx. 15 min. The removal of glycyltyrosine and production of tyrosine were stoichiometrically equivalent; however, the production of glycine was less than that of tyrosine, with the difference accounted for by the synthesis of serine. Rates of serine synthesis in the presence of glycyltyrosine were similar to those observed in the presence of 5mM-glycine (Lowry & Brosnan, 1983) .
Tetraglycine was metabolized slowly by the perfused kidney; however, the peptide must have been completely hydrolysed, since we were unable to detect significant quantities of triglycine or diglycine in either the perfusate or urine in these experiments. Similar results have been reported by Adibi & Morse (1982) for the metabolism of this peptide by rats when it was administered intravenously. The production of serine and glycine could account for all the peptide utilized ( Table 1) .
Metabolism of prolylhydroxyproline by the perfused kidney caused changes in the rates of release of several amino acids (Table 1) . Most notable of these changes were the increases in proline, hydroxyproline and glutamine production. Significant changes were also found in the production rates of both glycine and alanine. during the synthesis of serine from hydroxyproline by both the perfused kidney and isolated cortical tubules (Lowry et al., 1985b) and are consistent with the metabolism of hydroxyproline via 4-hydroxy-2-oxoglutarate aldolase and alanine: glyoxalate transaminase. The absence of an increase in serine synthesis from prolylhydroxyproline may be due to the low concentration of glycine produced during the metabolism of this peptide. The production of glutamine in the presence of prolylhydroxyproline most likely represents its net synthesis from glutamate produced during the metabolism of proline. The amido nitrogen of glutamine may also be derived from glutamate in a manner analagous to that reported by Forissier & Baverel (1981) for the synthesis of glutamine from alanine by guinea-pig kidney-cortex tubules. Glutamine release occurred at low rates in all perfusions; however, in those perfusions where glycine was produced at high rates, i.e. in the presence of glycyltyrosine or tetraglycine, the rate of release of glutamine was significantly decreased. This indicates that the glutamine release is due to synthesis from endogenous precursors, as it has been shown that glycine is an inhibitor of glutamine synthetase (Tate & Meister, 1971 ; Deuel et al., 1973) . The marked differences in the utilization of glycyltyrosine and glycylhydroxyproline indicate a distinct substrate specificity of the enzyme(s) involved in their metabolism. Several studies have shown that the peptidases present in the brush border vary with respect to their affinity towards peptide substrates (for a review see Kenny & Booth, 1978) . Further Ganapathy et al. (1981) have demonstrated that brush-border-membrane vesicles are able to transport glycylproline without hydrolysis and have characterized an Na+-independent peptide carrier in these vesicles (Ganapathy & Leibach, 1983) . It is therefore possible that the differences in the rates of metabolism of glycyltyrosine and glycylhydroxyproline could be a function of their site of hydrolysis. Table 2 compares the filtration and excretion of these two peptides with their rate of removal from the perfusate. Two conclusions are apparent from these results. First, the amount of peptide filtered is less than the renal uptake, indicating that there must be a large antiluminal uptake of the peptides. In the case of glycyltyrosine, this uptake may account for as much as 95% of the total uptake. In the case of glycylhydroxyproline, antiluminal uptake could account for about 30% of total uptake. Secondly, there are quantitative, and possibly qualitative, differences in the handling of filtered peptides. There are distinct differences in the excretion rates of the two peptides when similar filtered loads are compared. During the 40-50 min interval 32.2 ,mol of glycyltyrosine/g kidney dry wt. are filtered and only 6.5% is excreted. A similar filtered load of glycylhydroxyproline is present during the 70-85min interval when 41.4,umol/g kidney dry wt. are filtered, of which 40.1% is excreted. These results suggest that the two peptides are handled quite differently by the brushborder enzymes. It is probable that glycyltyrosine is hydrolysed before being reabsorbed, whereas the reverse may be true for glycylhydroxyproline. In support of this hypothesis is the observation (Ganapathy & Leibach, 1982 ) that glycylhydroxyproline is an inhibitor of carnosine uptake by brush-border membrane vesicles, and thus may also be a substrate for this transporter protein.
In conclusion we have demonstrated that the perfused kidney is able to metabolize large quantities of small peptides and that this metabolism can lead to the production of amino acids other than those which are constituents of the peptides. In particular the synthesis of serine is increased when glycine-or hydroxyproline-containing peptides are presented to the kidney.
